The increase of N fertilization in sugarcane can negatively influence the technological quality of the crop for sugar and alcohol production. The use of Mo in fertilization combined with N can reduce this effect and increase agricultural and sugar yield. The objective of this study was to evaluate the levels of Mo in soil, roots and leaves of sugarcane fertilized with N and Mo, to measure agricultural and sugar productivity and to evaluate quality of the technological attributes for production of sugar and alcohol. Two varieties were cultivated (RB867515 and RB92579) under field conditions, submitted to two doses of N (0 and 60 kg ha -1 ) and two doses of Mo (0 and 200 g ha -1 ) both applied to the soil. The source of N used was urea and the source of Mo was sodium molybdate. RB867515 was influenced by Mo and agricultural and sugar productivity increased by 21%. N fertilization did not increase agricultural productivity but reduced the technological quality of sugarcane, and Mo did not change this reduction. It is suggested that N fertilization should be reduced in first crop cycle and Mo fertilization should be stimulated.
Introduction
Sugarcane has been economically important for Brazil since the colonial period, the country is responsible for 33% of the world's production (CONAB, 2017) , but it is a crop requiring high consumption of fertilizers, mainly N.
N is the second macronutrient most absorbed by sugarcane, extracting about 94 to 260 kg ha -1 , varying with genotype, soil and fertilization (Oliveira et al., 2010) . Despite the high uptake of N, the responses of the plant to N fertilization have been very varied. Azeredo et al. (1986) observed that in 80% of the cases, sugarcane in the first crop cycle (plant-cane)
did not respond to N fertilization in evaluations carried out in 135 experiments in different regions of the country. However, Oliveira (2012) found an increase in agricultural productivity of sugarcane with increasing of N in three production environments in the Northeast of Brazil. Oliveira et al. (2013) ) and nitrate (N-NO 3 -) forms, with predominance of the second form in aerated soils (Robinson et al., 2011) . For the assimilation of N-NO 3 -, it is necessary that Mo be available in the soil in adequate quantities, by the action of Mo as nitrate reductase (ARN) activity regulator (Nie et al., 2016) , responsible for the first step of reducing NO 3 -to NH 4 + (Li-Ping et al., 2007) .
Li -Ping et al. (2007) Mo also regulates the activity of nitrogenase (AN).
This enzyme in diazotrophic bacteria associated with sugarcane is responsible for the reduction of atmospheric N 2 to NH 3 and its assimilation in plants. LiPing et al. (2007) nutrient availability is reduced (López et al., 2007) . Elevation of a pH unit in a soil of pH 3 can increase the availability of Mo by 100 times (Kaiser et al., 2005 ).
An alternative to increase the Mo content available in the soil is the Mo fertilization. In areas where limestone application was not feasible, Brennan and Bolland (2007) observed that wheat yields were high when sowed on soils with pH higher than 4.3 in Australia.
The availability of Mo can also be reduced by the presence of Fe and Al oxides (Vistoso et al., 2009 The objective of this work was to evaluate the levels of Mo in soil, roots and leaves of sugarcane fertilized with N and Mo, to measure the agricultural and sugar productivity and to evaluate the quality of the technological attributes for production of sugar and alcohol.
Materials and Methods

Location and description of place of study
The experiment was conducted in the Carpina Sugarcane Experiment Station (EECAC), in the Carpina municipality of Pernambuco, located at the geographic coordinates 7º51'04"S and 35º14'27"W.
The municipality of Carpina has an altitude of 184 m, with predominant As' climate, rainy tropical weather with dry summer, according to the Köppen system and average annual temperature of 24.2 °C (Beltão et al., 2005) . Rainfall during the experiment was 1,359 mm ( Figure 1 ). In addition, three slides of 25 mm of water were applied in the first two months after planting, due to the low rainfall rates at the beginning of the experiment. The soil of the experimental area was classified as Dystrophic Yellow Red Argisol (Santos et al., 2013) . were performed according to the methodologies described by Donagema et al. (2011) . Tedesco et al. (1995) .
Physically, the soil was characterized by granulometry, defining its textural class, soil density, density of particles, humidity in the field capacity (θ CC ) and the permanent wilting point (θ PMP ); hydraulic conductivity of saturated soil (K 0 ); and indirectly, the total porosity, using the determination of the densities. All the physical analyses were performed according to the methodology proposed by Donagema et al. (2011) .
Experimental field
The sugarcane varieties RB92579 and RB867515
were used because they are widely cultivated in the Northeast of Brazil. The cultivation was submitted to two doses of N (0 and 60 kg ha (Ribeiro et al., 1999) , estimating an increase in saturation to 60%. The fertilization was carried out in a foundation with the application of P and K.
Phosphate fertilization was performed considering the available P content and soil texture according to Simões Neto et al. (2011) , with 60 kg ha -1 of P 2 O 5 being applied as triple superphosphate (40% P 2 O 5 ).
The recommendation of K was based on the production expectation, estimating yields above 100 Mg ha
and using an average K 2 O efficiency of 1.4 kg Mg -1 of sugarcane (Oliveira et al., 2010) . Thus, 140 kg ha -1 of
The planting of sugarcane varieties was carried out in grooves approximately 0.2 m deep and 14 Mg ha -1 of stems with seven months of age was distributed. sample. Subsequently, the collected soil samples were air dried, stripped and sieved in a 2 mm mesh sieve.
Sampling of soil, roots and leaves
Soil
The Mo was extracted with Mehlich-1 and dosed by colorimetry, according to Donagema et al. (2011) .
The Mo was evaluated in leaves e roots of sugarcane. 
Data analysis
Results
Mo content in soil
The Mo content in the soil as a function of time was Differently from the surface layer where it was observed that the Mo contents tended to zero. In the subsurface layer, the contents were higher, with minimum values of 0.03 mg dm -3 of Mo (Figure 3) .
Mo content in leaf and root
In general, Mo content in the roots of the sugarcane varieties were higher than in leaves, on average, from 0.58 to 0.97 mg kg -1 in the variety RB867515 and from 0.59 for 0.86 mg kg -1 in the RB92579 (Table 2 ). There was a concentration of Mo in the roots and a dilution of the nutrient in the aerial part, influenced by the greater production of biomass of leaves than of roots.
Mo content in the leaf of the varieties was not different, but in the roots the Mo content of the variety RB867515 was higher than in the RB92579 (Table 2 ).
In the leaf, the Mo content was not influenced by the N addition, although independent of the Mo application and the variety. However, in the roots there was an increase in this content with the N application. This increase in the Mo content with N addition was significant in roots, independent of the variety and Mo application (Table 2) . 
Agricultural productivity
The effect of Mo fertilization on the yield of stalks and sugar depended of the variety. RB867515 res- 
Technological attributes of sugarcane for agribusiness
The purity of the sugarcane was not influenced by the Mo fertilization and the varieties, but it was reduced by the N application, regardless of the variety and Mo application ( Figure 5 ). The PC and ATR were influenced by the N application
Discussion
The soil Mo content in this study was linearly reduced with the cultivation time, when sugarcane was fertilized with N and Mo. Otto et al. (2009) The Mo content of the soil was increased up until 30 days after the application, because during that period there was no significant root growth and little or no Mo absorption (Jadoski et al., 2010) . The sugarcane only 30 DAP initiates bud and root primordia emission.
During this period, the plants utilizes stem reserves to meet their nutritional requirements (Jadoski et al., 2010) . However, roots formed from this period absorbed Mo for assimilation of N-NO 3-, due their action in regulation of the nitrate reductase enzyme (Li-Ping et al., 2007; Nie et al., 2016) . In fact, Mo levels in the soil were reduced from this period (Figure 2 ).
The decrease Mo content in soil was higher when the plants approached the phase of higher dry matter accumulation (Jadoski et al., 2010) . The Mo absorption by the sugarcane varieties is mainly due to its role as an activator of the nitrate reductase enzyme.
The sugarcane tillering phase occurs from 40 to 120 DAP, when the aerial part begins to grow, with formation and elongation of the shoots up to 270 DAP (Jadoski et al., 2010) . The N uptake by sugarcane in these two phases is high, and the second phase is responsible for the greatest nutrient accumulation (Silveira and Crocomo, 1990 ).
Thus, considering that there is predominance of NO 3-to the detriment of NH 4 + in the aerated soils (Amoo and Babalola, 2017) , the plants absorb Mo for use in the assimilation of N-NO 3-, reducing the levels of this micronutrient in the soil (Robinson et al., 2011) . Mo was sprayed in the stems that were planted at the bottom of the groove. In addition, the rapid reductions in Mo content in the subsurface layer can be explained by the higher density of positive charges to adsorb the molybdate anion, due to the 49% increase in the clay content in the subsurface layer in relation to the surface layer (Table 1) .
The sugarcane stalks and N fertilizer were placed in grooves of 0.2 m depth in the plantation and soon after, there was heavy rainfall (Figure 1) , and the Mo absorption was initially higher in the subsurface layer.
Additionally, it is possible that N fertilization stimulated the root system of the sugarcane varieties to the subsurface layer, favoring a higher Mo absorption in this layer.
We found in this study that the Mo content differed only in the roots of the varieties, with RB867515 being more cumulative than RB92579 (Table 2 ). This higher Mo absorption by RB867515, was due to its higher growth and biomass production.
The greatest Mo accumulation in variety RB867515 may have been due to some factors: larger root system, which allowed for greater soil exploration and, consequently, Mo Fertilization influenced agricultural and sugar productivity of the RB867515 more than RB92579. Santos (2014) reported that Mo stimulated the activity of the nitrate reductase enzyme in the RB867515 and had no effect on the enzyme activity in the RB92579.
When the enzyme is more stimulated, there is an increase in N assimilation and increase of productivity.
Few studies evaluated the yield of stems of different sugarcane varieties under the effect of Mo fertilization (Polidoro, 2001; Oliveira, 2012) and presented controversial results. Oliveira (2012) did not find a significant effect of Mo fertilization on sugarcane productivity. Polidoro (2001) reported an increase of 25% in shoot yield with the application of 400 g ha
of Mo, corroborating the results of this study.
The agricultural productivity found in this study was low. Oliveira et al. (2011) studying nutritional efficiency in sugarcane varieties reported that the yields of the varieties RB867515 and RB92579 in the cane-plant without irrigation were of approximately 90 Mg ha-1.
The low productivity in both varieties was attributed
to the low quality of the buds used in the planting and the competition with spontaneous herbs in the first two months of cultivation. During the cultivation of sugarcane of this study no was herbicides application due to its negative effect on the population of N-fixing bacteria (Silva et al., 2016) . The competition with spontaneous herbs can decrease from three to four times the number of stems per linear meter and from six to seven times the productivity (Jadoski et al., 2010) .
Mo fertilization increased the levels of Mo available in the soil (Figures 2 and 3) , promoting a higher Mo absorption by RB867515 (Table 2) and RB92579 were 21.3 and 18.5%, respectively. Therefore, the values are similar to those of this study.
Fiber percentage of the sugarcane varieties in this study were higher than the industry recommendation. Oliveira et al. (2009) reported that the recommended range of fiber percentage should be from 10.5 to 12.5% for energy maintenance of the agribusiness units processing sugarcane.
N fertilization reduced the sugar percentage. However, the sucrose percentage found in this study was 16%
higher than the observed by Tasso Júnior et al. (2007) .
The ATR values found in this study were higher than the found by Oliveira et al. (2011) . These authors
reported ATR values in the varieties RB867515 and RB92579 of 151 and 147 kg Mg -1 , respectively. These values were approximately 92% of the value found in this study with the application of 60 kg ha -1 of N ( Figure 6 ).
Conclusions
Mo fertilization promoted increase of Mo content in both the superficial and subsurface layers of the soil. 
